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ACUTE  TOXICITY  OF  TRI2UTYLTINS  AND  TRIBUTYLTIN  LEACHATES 
FRCfl  NARINE  ANTIBIOFOUL ING  PAINTS. 

by 

Roy  B.  Laughlin,  Jr.  (1,2),  Olof  Linden  (2),  and  H.E.  Guard  (1). 
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Baltic  Sea  Laboratory 

Utovagen  5 
S  371  37 

karlskrona,  Sweden. 
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Sente" Per  10.  lVA*. 


T  r  ibuty  i  t  in  cu-pcends  were  shown  to  be  slow-acting  toxins  causing  acute 
toxicity  to  two  amphipod  species  at  concentrations  as  low  as  10  pg/L  \ 

Pretest  la  trace iana  was  exposec  to  bis  ( tributyl  tin !  oxide  [  TG  TO  1  or  tributyltin 
rIuoriqe  JTGTF]  as  single  compounds.  Goth  compounds  were  acutely  toxic  in  10 
cays  at  concentrations  of  10  pg/L  ^  and  above. 

u3~jruj  oseanjcus  were  exposed  to  tributyltin  leachates  from  panels  painted 
with  two  different  antifouling  paint  formulations.  Following  40  hr  immersion, 
aqueous  tributyltin  concentrations  increased  with  increasing  painted  surface 
area,  but  one  type  of  paint  leached  triDutyltin  about  10  times  faster  than  the 
other.  ArrpnipixJ  mortality  in  short-term  tests  was  directly  correlated  with 
in_rea5es  in  painted  surface  area  and  leaching  rates. 

n.,r — -arus  ocea"ious  was  more  sensitive  than  Orchestia  trasxjana  based  on 

measured  tributyltin  concentrations,  with  final  leachate  concentrations  of 
.  - 1  . 

m.s  ug  l  caual-g  total  mortality  in  S  days.  Mhe  results  of  these  experiments 
shew  that  tributyltin  cc-pcunds  are  very  toxic  to  some  non-target  organisms. 

Thus  the  Intel  1  ire' t  choice  c*  ant  id icf oul ing  paint  formulations  depends  upon 
an  acceptable  ua~pr  between  leach  rates,  which  are  effective  at  the 
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Re  sume  . 


On  ddmontre  que  lea  composes  de  t r i but y 1 £t ai n  sont 
des  toxiques  &  action  lente  qui  provoquent  une  toxicity  aiqOe 
chez  deux  esplees  d'amphipodes  a  des  concentrations  aussi  faibles 
que  10  ^jq/1.  Orchestia  traskiana  a  6t6  e  x  p  o  s  £  e  i  la  foie  a 
l'oxyde  de  t  r  l  bu  t  y  1  6 1  a  l  n  ou  au  fluorure  de  t  r  l  but  y  1  £  t  a  i  n  en  tant 
que  composes  simples.  Lea  deux  composes  £taient  extr^mement 
toxiques  en  l'espace  de  10  jours  &  des  concentrations  de  10  yig/1 
et  &  des  concentrations  supfrieures. 

Gamma  r  us  oceanicus  a  616  expose  des  lixiuiats  de  tributyl^tain 
prove  nan t  d'lpr ouvettes  peintes  avec  deux  formulations  difffrentes 
de  print  ure  an  t  l  sa  1 1  s  su  r  e  .  Apri*s  4B  heures  d'lmmersion,  les 
concentrations  de  t  r lbut y I  ft  am  aqueux  ont  augments  avec  un  niveau 
de  surface  peinte  accru.  loutefois,  un  type  de  peinture  a  lixivif 
le  t  ritiutylftain  10  fois  plus  vite  que  1' autre.  La  mortality 
des  amph  i  podes ,  lors  des  essais  it  court  terme,  (Halt  directement 
lii'-e  aux  ac  c  r  o  l  s  semen  t  a  de  surface  peinte  et  aux  taux  de  lixivia- 
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Considerable  effort  has  been  expended  in  attempts  to  prevent  biofouling 
on  snips.  Prevention  : .  important  not  only  to  protect  the  snip  itself  from 
Oarage,  but  also  to  insure  efficient  and  dependable  operation.  The  most 
widely  used  paint  formulations  are  based  on  copper,  which  leaches  out  as  an 
ion,  the  active  an t lb iof oul ing  material.  Topper  has  several  drawbacks, 
including  Cut  not  li~ited  to  short  paint  life,  and  the  fate  of  copper  as  an 
environmental  po.l  -..ta-'t.  The  most  widely  -  prorated  and  used  substitutes  contain 
trierganotin  compounds  as  the  active  agent  (Evans,  l'.,’;'.  Oyckm.an.  et  al .  , 

1 3 '3 ! .  however,  before  general  use,  their  action  on  nor,  target  organisms 
vis-a-vis  their  effectiveness  in  different  paint  t' er-ulat  ions,  has  to  be 
e.a.ujted  f.’u.Miermaf,  >  a  1  ■  .  13.'a)  . 

In  t'  ;•  pater,  we  desuri:  e  fit  actio-  f  two  tributyltin  coixpouds , 
hi  u  •  trir.u*  ,  1 1 1  — -  i  n.  .  !  T  ‘  "  .  a-:  tt  It  in  fluoride  tlbl'i,  and  the 

to*  i.  lty  o'  trip  rent  air-  ing  lej'.att  .  *  r,  -  t.j  commercially  available 

pat- t  ‘  ■■  I  it ;  jr. .  re-ical  persist!  nee  t :  •  g  1  >■  cc- pounds  and  con.  ontrations 
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MATERIALS  AMD  METHODS. 


Experiments  were  conducted  in  the  U.S.,  using  Drchestia  traskiana,  and 
in  Sweden,  with  Gammarus  oceanicus.  In  the  experiments  performed  with 
0.  traskiana.  we  were  interested  in  assessing  the  effect  of  TBTO  and  TBTF 
added  to  the  bioassay  as  single  compounds.  Experiments  conducted  in  Sweden 
were  performed  with  plexiglass  panels  painted  with  either  of  two  commercial ly- 
available  paint  formulations.  Specifics  for  each  of  the  experimental  protocols 
follows. 

Adult  amphipods.  0.  traskiana.  were  collected  intertidally  in  a  San 
Francisco  Bay  marsh  and  in  the  laboratory  were  maintained  in  30  o/oo  S  water 
at  10°C.  These  were  similar  to  ambient  salinity  end  midday  temperatures  at 
the  time  of  collection.  The  experimental s  were  acclimated  for  3  days  before 
toxicant  exposure  began. 

Bioassay  :  Five  amphipods  were  put  into  a  ID  cm  fingerbowl  containing 
ISO  ml  of  30  o/oo  S  seawater.  TBTO  and  TBTF  solutions  were  prepared  in 
acetone  and  added  to  the  seawater  with  thorough  mixing.  Three  replicates  of 
each  of  the  following  toxicant  concentrations  were  examined  :  acetone  control 
(6/  pi, 'ISO  ml  seawater),  C.S,  1,  3,  6,  ID  or  IS  p’/L  .  Daily,  the  exposure 
groups  were  censusod,  transfered  to  freshly  prepared  test  media  and  fed  pieces 
of  the  green  algae  hi  ya  and  Art'  "  ia  nauplii. 

\  ('■  a"".;:  us  ' ,  ean  ;  rue  were  collected  in  TvSrren  Bay,  00  Km  S  of  Stockholm. 

In  the  1  j:\irat  nr  ,  ,  adult  males  were  separated  from  Fucus  and  put  into  aquaria 
fer  ?-  ■  lays  ;■  r  :  :  t  >  their  ..se  in  the  hioassays.  The  amphipods  were  fed 
fetra-  :*•  ;>•)  :  .--en  :al  fish  food  during  this  prct>  st  period,  hut  no  food  was 
give"  nS.1-  ,f;  ;  •  ,  pi;r,*  1  (■>.  ru  t  l!  S  . 

'r:  .  :■  ,  r,  e»;n  tn  trihutyltfn  rati  in  from  paint  leachates. 

f  i!  t-u  T  i  ;  .  :  r  .  1  .  i" ;  r : ,ds  w  re  put  into  each  c-  ?  all-glass  aquaria.  The 

5  •  •  '•  * :  :•  t..'.'  w.i  ■  i  si  led  by  vary  inf.  the  a: .  a  o*  plexiglass 

r  v  e  ;  •  ;  *  .ling  i  lint  w.i'er  in  t  tan»  w.v  car.  'i.ll, 

. . :  •  •  ■  '  ■  :■  '  ; .  .  1  .  .  '  „.»•  •  .  „  ••lit;.  ’<  ■-  niter  !  sal  in*,  v  ■  ?  t  no  T. ) 
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only  TBTF  as  the  active  agent. 

Chemical  Analysis. 


Time  dependent  loss  of  single  compouds  :  Flasks  containing  500  ml  of 
seawater  with  50  pg/L  1  TBTO  were  either  plugged  with  cotton,  without  aeration, 
or  were  not  plugged  and  were  aerated  lightly.  The  control  consisted  of 
seawater  to  which  only  acetone  was  added.  The  flasks  were  sampled  at  0  and 
24  hrs,  and  chemical  analysis  performed  within  48  hrs. 

Determination  of  tributyltin  in  paint  leachates  were  performed  on 
samples  collected  in  Sweden  and  analyzed  in  the  U.S.  Five  hundred  mis  were 
withdrawn  directly  from  the  aquaria  during  the  bioassays,  into  500  ml  cleaned 
brown-glass  bottles.  Subsequently,  they  were  shipped  to  the  U.S.  and  analyzed 
within  2  months  of  collection.  We  have  no  information  on  the  probable  loss  of 
tributyltin  during  the  period  between  collection  and  analysis.  However, 
given  the  amount  measured,  it  appears  that  any  loss  which  occurred  was  not 
large. 

Chemical  Analysis  :  The  following  procedure  was  used  to  determine 
tributyltin  concentrations  in  the  Orchestia  trasklana  experiment.  TBTO  concen¬ 
trations,  as  the  tributyltin  hydride,  were  determined  by  gas  chromatography 
using  a  Varian  2400  gas  chromatograph  with  a  15  %  0V-1D1  on  a  100/120  C hroma- 
sorb  G/HP  column  at  1S0°C.  To  a  200  ml  seawater  sample  containing  TBTO, 

00  mg  of  sodium  borohycride  was  added.  The  solution  was  allowed  to  stand  for 
20-30  min  after  which  10  pi  of  an  internal  standard  solution  containing 
dicyclohexyl  (0.86  mg/ml ]  in  acetone  was  added.  The  tribultyltin  hydride  and 
dicyclohexyl  were  extr^ted  with  2Q  ml  hexane.  The  hexane  was  dried  (FTgSO^) 
and  evaporated  to  ca  10  pi,  being  careful  not  to  take  the  sample  to  dryness. 

The  analyses  reported  in  this  paper  deal  with  the  behavior  of  TBTO.  On  the 
basis  of  a  few  additional  samples  of  the  same  concentration  of  TBTF  collected 
and  analy/ed  in  the  same  fashion,  it  appears  that  it  displays  identical  behavior 
with  respect  to  time-dependent  loss  from  seawater  used  in  this  bioassay. 

The  analysis  of  tributyltin-containing  paint  leachates  was  similar  to  the  above 
protocol,  with  the  following  modifications  :  cnly  4U  mg  of  sodium  borohydride 
was  aided,  followed  by  stirring  for  30  sec.  The to  changes  were  necessitated  by 
the  presence  of  an  unidentified  interfering  compound  rr  compounds  which  appeared 
in  the  stored  water  samples,  f.o  interference  was  observed  in  reference  samples 
analyzed  with  trese  modifications. 
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RESULTS. 


Persistence  of  TBTO  in  seawater  :  In  seawater,  tributyltin  concentrations 

remain  stable  for  at  least  one  day.  The  mean  of  three  samples  taken  just  after 

- 1 

T6T0  addition  was  43.66  _*  1.27  pg/L  (mean  *_  standard  deviation).  The  concen¬ 
tration  of  TBTO  in  unaerated  and  aerated  flasks  24  hrs  later  was  not  signifi- 

- 1 

cantly  different,  45.72  _+_  6.02  and  45.05  +  1.46  pg/L  ,  respectively.  The 

—  - 1 

acetone  control  had  undetectable  TBTO  background  levels  (less  than  0.2  pg/L  j 
Table  1).  The  differences  between  nominal  and  measured  concentrations  may  be 
accounted  for  by  slight  inaccuracies  in  sampling  methodology  and  probably  by 
adsorption  into  container  walls.  The  lack  of  additional  loss  caused  by 
aeration  indicates  that  volatilization  was  an  insignificant  loss  route.  The 
assumption  that  actual  exposure  levels  were  within  10  %  of  nominal  ones  is 
supported  by  the  constancy  of  concentration  with  time. 

Concentration  of  butyltins  in  paint  leachates  :  For  both  paints,  the 
amount  of  tributyltins  measured  in  the  water  after  24  or  48  hrs  increased  with 
an  increase  in  painted  surface  area.  The  data  shown  in  Table  2  indicate  that 
the  different  paint  formulations  leach  significantly  different  quantities  of 
butyltin  within  the  period  tested.  Although  the  final  tributyltin  concentra¬ 
tion  ratio  of  the  two  paints  showed  no  consistent  value  as  the  area  of  the 

painted  surface  increased,  at  least  3  times  as  much  tributyltin  leached  from 
( R  )  ( R ) 

Interracing  than  from  Plieron  25  .  Leach  rates  from  larger  plates  may 

have  been  inhibited  as  tributyltin  concentrations  approached  the  solubility 

- 1 

limit  assumed  to  be  below  5  mg/L 

Toxicity  of  TBTO  or  TgTf  to  Orchcstia  traskiana  :  Both  TBTD  and  TBTF 
showed  similar  toxicity,  with  acute  toxicity  occurring  at  concentrations  of 
10  pg/L  1  and  above.  In  this  experiment,  80  \  of  the  control  amphipods 

- 1 

survived  3  day  exposure  to  acetone  (Fig,  la).  Amphipods  exposed  to  0.5  pg/L 

TBTO  shower!  a  slightly  higher  survival  (67  %] .  Those  in  TBTO  concentrations 
- 1 

between  1  and  6  pg/L  exhibited  a  decline  in  viability,  which  was  not  consis- 

-1 

tently  dose-dependent  when  compared  to  controls.  Even  in  6  pg/L  ,  survival 

was  53  \  at  the  end  of  9  days.  The  two  highest  concentrations,  10  and  15 
- 1 

pg/l.  ,  were  sign*  leant ly  toxic.  This  became  apparent  only  after  the  fifth 

- 1  - 1 
day  in  10  pg-L  ,  and  after  the  fourth  day  in  15  pg,/L  .  Final  survival 

- 1 

values  were  20  “  and  7  ’,  in  10  and  15  pg/'L  TBTO,  respectively.  Concomitant 

with  the  toxicity  in  these  latter  two  groups  was  a  loss  of  orientation  and 
feed: r,t  Let  jvicr.  Usually,  li~h  cr  swimming  movements  were  ataxic  and  very 
paorl  /  coordinated. 


Similar  to  the  results  of  the  TBTQ  bioassay,  the  date  for  amphipods 

exposed  to  T5TF  cluster  into  two  groups  [Fig.  1).  The  first,  comprised  of 

-1 

exposure  concentrations  below  6  pg/L  ,  is  above  50  %  survival  and  does  not 

-1 

display  a  dose-dependent  pattern.  Survival  values  of  the  10  and  15  pg/L 
exposures  were,  respectively,  13  %  (at  the  end  of  9  days)  and  0  %  (at  the  end 
fo  9  days).  These  values  indicate  that  there  is  no  significant  difference  of 
toxicity  between  TBTF  and  TBTQ  to  these  non-target  organisms.  The  behavioral 
derangements  caused  by  TBTF  exposure  were  similar  to  those  described  for  TBTO. 

Toxicity  of  paint  leachates  to  Gammarus  oceanicus  :  The  toxicity  of  the 

two  paint  formulations  shows  a  close  correlation  to  the  amount  of  tributyltin 

leached.  No  amphipods  survived  5  days  exposure  to  leachates  from  Interracing 

2 

paint.  Panels  with  a  painted  surface  area  of  172Q  and  480  cm  caused  1Q0  -i 

mortality  within  24  hrs.  In  tanks  containing  a  painted  surface  of  48  and 
2 

5  cm  ,  100  '*  mortality  occured  in  2  and  5  days,  respectively.  Reference  to 

Table  2  will  show  that  estimated  tributyltin  concentrations  ranged  from 
- 1 

0.98  to  .0048  mg/L  under  the  test  conditions. 

( R ) 

The  concentration  of  leachate  from  the  Micron  25  painted  surfaces 

( R ) 

was  shown  to  be  much  less  than  far  the  Interracing  paint,  from  0.153  down 

to  below  0.0014  mg/L.  The  mortality  of  the  amphipods  exposed  to  the  leachate 

was  also  lower.  During  the  first  24  hrs  exposure,  all  the  amphipods  died  in 

2 

the  tanks  with  a  painted  surface  area  of  1720  cm  but  it  required  48  hrs  for 

2 

complete  mortality  to  occur  in  the  tanks  with  480  cm  painted  surface.  In  the 

k  2 

tanks  containing  48  cm  of  painted  surface,  15  \  of  exposed  amphipods  survived 

6  days,  while  those  exposed  to  5  cm2  had  a  mean  survival  value  of  65  which 
was  just  slightly  lower  than  that  for  the  controls,  75  % . 
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DISCUSSION. 


The  data  presented  in  this  paper  show  that  tributyltin  compounds  either 

as  single  compounds  or  as  leachates  from  antibiofouling  paints  are  toxic  to 

aquatic  organisms.  Concentrations  of  single  tributyltin  compounds  as  low  as 

10  ug/l  1  caused  differential  mortality  of  Orchestia  traskiana.  Gamma rus 

oceanicus  appeared  to  be  a  bit  more  sensitive,  with  differential  mortality 

-1 

occurring  in  tributyltin  concentrations  between  1  and  5  pg/L  .  The  increased 
sensitivity  of  G.  oceanicus  is  more  obvious  when  one  remembers  that  final  and 
time-averaged  trialkyltin  concentrations  were  different,  with  the  latter  being 
much  lower,  since  the  alkyltins  were  slowly  appearing  in  the  water  phase  during 
the  2  days  between  water  changes. 

Concentrations  reported  here  are  lower  than  ones  widely  reported  to  be 

-  -| 

toxic.  In  a  review  Zuckerman  et  al .  (1978)  reported  that  50  pg/L  was  a 

common  estimate  of  the  LC^  of  tributyltin  compounds  for  aquatic  organisms. 

However,  other  lower  values  have  been  reported.  Ritchie  et  al.  (1974)  reported 

that  T5T0  levels  as  low  as  1-10  ng/L  significantly  reduced  maturation  rates 

and  egg  production  in  snails,  Biomphalaria  glabrata,  which  had  been  exposed 

from  hatching  to  these  low  levels.  Linden  et  al .  (1979)  reported  a  LC^n 

(96  hrs)  of  3  pg/L  for  the  copepod  Nitocra  spinipes  exposed  to  TBTO. 

Survival  and  growth  of  larval  lobsters,  Homarus  americanus,  were  significantly 
-1 

reduced  in  1  pg/L  TBTO.  Exposure  continued  for  ca.  21  days,  the  duration  of 

larval  development  (Laughlin  and  French,  1960).  Thus,  it  appears  that  the 

sensitivity  of  these  two  amphipod  species  resembles  that  recently  measured  for 

several  other  aquatic  invertebrate  species.  It  is  probable  that  the  actual 

sensitivity  of  most  marine  species  to  chronic  exposure  is  considerably  lower 
- 1 

than  the  50  pg/L  generalization  cited  above. 

The  reason  for  the  previous  underestimation  of  toxicity  occurs  because 
these  materials  are  slow-acting.  The  toxicity  of  TBTO  and  TBTF  became  apparent 
only  after  the  first  5  days  of  exposure  during  the  tests  with  Orchestia 
traskiana.  The  slow  action  of  these  compounds  has  been  appreciated  by  indus¬ 
trial  hygienists  (Barnes  and  O.tPnrr,  IjBTI  tut  the  knowledge  was  not  carried 
over  to  environmental  toxicology  experi-cntaticn.  Bhort-tcrm  toxicity  tests 
seriously  underestimate  the  toxicity  and  yield  values  which  arc?  much  higher 
than  n«ixi-u~.  acceptable  toxicant  concentratin'’  l  Fokin,  1J77). 
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The  chemical  form  of  a  material  in  seawater  in  seawater  can  exert  a 
profound  effect  on  its  biological  behavior  (Burton,  19791.  The  aqueous  chemis¬ 
try  c*  trialkyltin  compounds  is  influenced  by  pH  and  the  concentration  of  other 
ions  present  (Tobias  et  al . .  1376;  Jewett,  et  al . .  1979).  In  seawater  which 
has  a  pH  of  ca.  3.0,  and  chloride  and  carbonate  ions  predominate  under  aerobic 
conditions,  several  reactions  products  are  formed  when  TETO  is  added.  In 
addition  to  the  hydroxide,  also  present  in  varying  proportions  are  the  aquo 
complex,  the  carbonate  and  the  chloride  (Guard  et  al ■ .  1962).  These  findings 
suggest  that  with  the  probable  exception  of  sulfide  (which  binds  very  strongly 
to  trialkyltin  compounds)  a  roughly  similar  proportion  of  tributyltin  compounds 
forms  in  seawater,  regardless  of  the  anion  present  or  molecules  originally 
added.  Thus  this  may  explain  why  the  anion  in  general  exerts  only  a  minor 
effect  on  the  toxicity  of  the  trialkyltin  cation.  The  pH  strongly  affects 

the  equilibrium  mixture,  at  least  for  TBTO  because  the  affinity  for  OH  is 
6  — 

about  10  greater  than  that  for  Cl  ,  the  most  abundant  anion  in  seawater. 

Thus,  it  should  be  expected  that  in  areas  such  as  estuaries  or  river  mouths, 
.where  pH  and  ionic  strengths  may  be  less  than  in  the  open  sea,  distinctly  diffe¬ 
rent  equilibrium  proportions  of  tributyltin  compounds  would  be  formed.  The 
possible  effects  on  organisms  due  to  shifts  in  the  chemical  equilibrium  cannot 
be  predicted  with  certainty,  but  may  be  significant. 


Differential  tributyltin  leaching  rates,  a  function  of  paint  type, 
markedly  affects  the  toxicity  to  non-target  organisms.  There  is  a  direct  corre¬ 
lation  between  the  toxicity  of  the  formulation  and  the  quantity  of  tributyltin 
present  iq  the  seawater.  Furthermore,  there  is  fairly  close  agreement  between 
the  toxicity  caused  by  a  given  quantity  of  single  tributyltins  dissolved  in 
seawater,  and  that  observed  when  a  similar  (measured)  amount  of  tributyltin 
leaches  from  paints.  Thus,  at  least  with  respect  to  biological  activity, 
paints  leach  toxic  tributyltin  cation  regardless  of  the  anion  at  a  rate 
influenced  primarily  by  the  paint  type.  Therefore  any  attempts  to  mitigate 
the  biological  effects  would  most  profitably  be  directed  toward  reducing  the 
amount  of  tributyltin  leached  commensurate  with  acceptable  paint  performance. 


Since  the  studies  presented  here  show  that  tributyltins  are  toxic  at 
fairly  low  levels,  and  are  stable  in  seawater  for  periods  of  at  least  days, 
additional  studies  of  the  envircn-ental  effects  are  warranted. 

Pea su regents  of  onvircn-ental  concentrations ,  with  particular  attention  to 
the  amount  present  as  the  sulfide  would  be  most  useful.  At  present,  our 
laboratory  is  csnducti-g  experiments  to  determine  differences  in  biological 


activity  of  the  tributyltin  sulfide  and  T8T0  to  determine  if  environmental 
chemical  modifications  will  mitigate  effects. 


ACKNOWLEDGMENTS  :  Portions  of  this  work  were  supported  by  the  Swedish 
Institute  of  Water  and  Air  Pollution  Research  during  a  visiting  research 
grant  to  R.L.  and  by  the  U.S.  Office  of  Naval  Research.  We  thank  W.  French, 
L.  Tenfelt,  and  J.  Ng  for  their  help  with  this  study.  We  are  grateful  to 
C,  Hopper  and  S.  Lynn  for  assistance  in  manuscript  preparation. 


15 


& 

r?, 

i1 

■*.v, 

m 

1$ 

m 

a 

L 

5?S 


^  #• 


*&1 


m 


m 


Literature  Cited  : 


Barnes,  J.ft.  and  Stoner,  H.B.  1959.  The  toxicology  of  tin  compounds. 
Fharnacol.  Re',..  11,  211-231. 

Burton,  J.C.,  1373.  Physico-chemical  limitations  in  experimental  investiga¬ 
tions.  Dhil.  Trans.  Roy.  Soc .  Lond.  B.,  235.  443-456. 

Cycknan,  E.J.,  Tontemarano,  J.A.,  and  Fischer,  E.C.,  1973.  Environmentally 
compatible  antifouling  materials  :  organometallic  polymers.  Naval 
Engineers  Journal,  85,  33. 

Evans,  C.J.,  1S70.  The  development  of  organotin-based  antifouling  paints. 

Tin  and  Its  Uses,  85,  3-7. 

Guard,  H.E.,  Coleman,  W.M.,  and  Cobet,  A.B.,  1982.  Speciation  of  tributyltin 
compounds  in  seawater  and  estuarine  sediments  tin  press), 

Jewett,  R.L.,  Blair,  W.R.,  and  BrincKman.F.E. ,  1979.  New  methods  for  specia- 
tian  of  bioar.tive  organctin  leachates  from  antifouling  paints  and 
polymers.  Sixth  International  Symposium  on  Controlled  Release  of 
Bioactive  Tatter,  New  Orleans,  Louisiana,  Aug.  6-8,  1979,  pp.  II, 

13-16  (Abstract ) . 

Laughlin,  R.S.,  Jr.,  and  French,  W. ,  1351.  Comparative  study  of  the  acute 

toxicity  of  a  homologous  series  of  trialkyltins  to  larval  shore  crabs, 
Hemigracsus  nodus,  and  lobster,  ricmarus  americanus.  Bull.  Env.  Contam. 
Toxicol.,  25.  6G2-5C9. 

i 

Linden,  E.,  Bengtsson,  S.-E.,  Svanberg,  0.,  and  Sundstrom,  G.,  1979,  The 

acute  toxicity  of  75  chemicals  and  pesticide  formulations  against  two 
brackish  water  organisms,  the  bieak  (Alburnus  alburnus)  and  the  harpac- 
ticoid  Nitrocra  spjnioes.  Chemosphere,  11,  843-851. 

McKim,  J.T.,  1977.  Evaluation  of  tests  with  early  life  stages  of  fish  for 
predicting  long-term  toxicity,  J.  Fish,  Res.  Bd.  Can.,  34,  148-154, 

Nelson,  W.G.,  1973a.  Experimental  studies  of  elective  predation  on  amphipods. 
Consecucnces  for  amp-.iped  distribution  and  abundance.  J.  Exp.  mar. 

Biel.  Eccl . ,  35,  225-245. 

Nelson,  W.j.,  I3/5b.  The  analysis  of  structural  pattern  in  an  eelgrass 

(Zostera  marina)  a~pnipcp  community.  J.  Exp.  mar.  Biol.  Ecol  .  ,  33, 


16 


** 


Ritchie,  L.S.,  Lopez,  V.A.,  and  Cora,  J.tl.,  1974  .  Prolonged  application  of  an 
organotin  against  Biomphalaria  glabrata  and  Schistosoma  mansoni.  In  : 
Molluscicides  in  Schistosomiasis  Control  (cd.)  Chang,  T.C.,  Academic 
Press,  New  York,  77-66. 

Stoner,  A.W.,  1980a.  Perception  and  choice  of  substratum  by  epifaunal  amphi- 
pods  associated  with  seagrasses.  Nar.  Ecol.,  3,  105-112. 

Stoner,  A.W.,  1980b.  The  role  of  seagrass  biomass  in  the  organization  of 
benthic  macrofaunal  assemblages.  Bull.  Nar.  Sci.,  30,  537-551. 

Tobias,  R.S.,  1976.  The  chemistry  of  organometal 1 ic  cations  in  aqueous  media. 
In  :  Organometal s  and  organometal loids  :  Occurence  and  Fate  in  the 
Environment,  (eds)  Brinckman,  F.E.  and  Bellama,  J.M.  American  Chemical 
Society,  Washington,  D.C.,  130-148. 

Zuckerman,  J.J.,  Reisdorf,  R.P.,  Ellis,  H.V.,  III,  and  Wilkinson,  R.R.,  1976. 
Organotins  in  biology  and  the  environment.  In  :  Organometals  and 
Organometalloids  :  Occurence  and  Fate  in  the  Environment,  (eds.) 
Brinckman,  F.E.  and  Bellama,  J.M.  Amer.  Chem.  Soc.,  Washington,  D.C., 
398-424. 


\ 


17 


Taole  1.  TOTH  concentrations  in  seawater  as  measured  by  quantitative  GlC. 

-  1 

Nominal  concentration  was  SO  ug/c  .  Values  are  mean  *1standard  deviation. 
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N°7  (1975) 

N°8  (1980) 

N°9  (I960) 

N°10( 1981 ) 
N°1 1(1981 ) 

N°12( 1982 ) 

M°1  3(  1982 ) 

I 


-  A  Method  for  Testing  the  Effect  of  Cathodic 
Protections  on  Underwater  Protective  Coatings  in 
in  a  Marine  Environment  (by  the  Working  Group 

on  Cathodic  Protection).  $  12 

-  Studies  on  Marine  Algal  Fouling  Communities  in 
the  North  Atlantic.  The  Macro  Algae  of  Floating 
Marinas  on  the  East  &  South  Coasts  of  the  British 
Isles,  by  R.L.  Fletcher. 

-  The  Colonization  of  Selected  Naturally  Durable 
Timbers  by  Marine  Fungi  &  Borers, 

by  S.E.J.  Furtado  &  E.B.  Gareth  Jones.  $  17 

-  The  COIPM  :  its  historical  record,  its  aims, 

its  activities,  its  working  groups  and  its 
publications.  $  17 

-  Bibliography  :  Frictional  Resistance  of  Ship 

Bottoms,  by  0.  Hansen.  $  17 

-  Methods  of  Leaching  Rate  Measurements, 
by  E.  Mor. 

(in  French  with  a  large  abstract  in  English) 

-  Toxicity  of  Tin  Organo-mettalic  Compounds, 
by  E.  Mor. 

(in  French  with  a  large  abstract  in  English)  $  17 

-  Copper  Contents  in  Waters  of  some  Harbours, 
by  different  authors 

(in  English  and  in  French)  $  20 

-  Acuite  Toxicity  of  Tributyltins  and  Tributyltin 
Leachates  from  Marine  Antifouling  Paints, 

by  Roy  B.  Laughlin,  Olaf  Linden  and  H.E.  Guard  $  12 


